SUMMARY Amniotic fluid at 15-20 weeks contains high concentrations of microvillar enzymes which serve as markers for the prenatal diagnosis of cystic fibrosis. We found that these enzymes were mostly bound to amniotic fluid particulate fraction which eluted in the void volume on Sepharose 6B chromatography and precipitated in ultracentrifugation at 100,000g. Electron microscopy showed that the particulate fraction comprised membrane fragments and small vesicles. It represented less than 1% of the total protein in cell free amniotic fluid. Sorbitol 
SUMMARY Amniotic fluid at 15-20 weeks contains high concentrations of microvillar enzymes which serve as markers for the prenatal diagnosis of cystic fibrosis. We found that these enzymes were mostly bound to amniotic fluid particulate fraction which eluted in the void volume on Sepharose 6B chromatography and precipitated in ultracentrifugation at 100,000g. Electron microscopy showed that the particulate fraction comprised membrane fragments and small vesicles. It represented less than 1% of the total protein in cell free amniotic fluid. Sorbitol gradient centrifugation showed heterogeneity in the particulate fraction. The enzyme patterns of amniotic fluid and meconium particulate fractions resembled each other. Antiserum against particulate fraction in amniotic fluid strongly reacted with early meconium and fetal small intestine in immunodiffusion, enzyme immunoassay, and staining with immunoperoxidase. The results suggest that most of the enzyme rich particulate fraction in early amniotic fluid originates in the fetal intestine.
Early human amniotic fluid contains considerable amounts of microvillar enzyme activity: y-glutamyl transpeptidase; leucine aminopeptidase; disaccharidases; and alkaline phosphatase. ' Jalanko, Rapola, Lehtonen agar containing 0.5% triton X-100. The whole tissue homogenates were dissolved in phosphate buffered saline containing 1% triton X-100 (final protein concentration 2 mg/ml).
IMMUNOPRECIPITATION
The particulate fraction in amniotic fluid iodinated in phosphate buffered saline containing 1% triton X-100. Ten ,ul of the iodinated particulate fraction solution (3 x 106cpm) was first incubated with 10 ,ul of normal rabbit serum and 100 ,ul of protein A-sepharose (1/2 dilution). After centrifugation the Particulate fraction in amniotic fluid at second timester again precipitated by protein A-sepharose and the precipitates were thereafter subjected to sodium dodecyl sulphate-gel electrophoresis and autoradiography. '9 ENZYME IMMUNOASSAY Flat bottomed polystyrene microtiter plates (Flow Laboratories) were coated with 200 ,ul of particulate fraction in amniotic fluid in 0-05M carbonate buffer, pH 9 5. The final protein concentration was 10 ,ug/ml. After overnight incubation the plates were washed with phosphate buffered saline containing 0.5% (vol/vol) Tween 20 (polyoxyethylene sorbitan monolaureate; phosphate buffered salineTween). Various dilutions (1/100-1/1 024 000) of antiserum in phosphate buffered saline-Tween supplemented with 0.1% normal rabbit serum or 2% normal human serum were then added for 16 hours. After repeated washes with phosphate buffered saline-Tween the wells were incubated for two hours with peroxidase labelled antirabbit immunoglobulin (1/400) in phosphate buffered saline-Tween containing 1 % bovine serum albumnin. The plates were then washed and the enzyme reaction was carried out using o-phenylenediamine (0.4 jig/ml) in 0-1M phosphate citrate buffer, pH 55, as a substrate. The reaction was terminated by 2M H2S04 and the absorbance at 492 nm was recorded using a vertical pathway spectrophotometer (Titertek-Multiskan, Helsinki, Finland).
In the inhibition assays the fetal tissue homogenates and body fluids were first diluted into phosphate buffered saline-Tween containing 2% normal human serum and 1 mM phenylmethyl sulphonyl fluoride as a protease inhibitor. One hundred Al of the solutions and 100 ,ul of antiserum against particulate fraction from amniotic fluid (final dilution 1/80,000) were then applied on the wells coated with the particulate fraction in amniotic fluid. The assay was thereafter performed as previously described. The results were expressed as percentages of the absorbance obtained with the inhibitor as compared with the absorbance without inhibitor. In control experiments the first or second antibodies, or both, were replaced by normal rabbit serum Over 90% of the enzymatic activities of y-glutamyl transpeptidase, leucine aminopeptidase, alkaline phosphate, and sucrase, as well as half of the trahalase activity, eluted in the void volume on Sepharose 6B chromatography (Fig. 1) . On differential centrifugation of amniotic fluid most of the microvillar enzyme activities were present in the supernatant after centrifugation at 100 000 g for 60 minutes (Fig. 2) . Heterogeneity in the distribution of the enzyme activities was seen on density gradient centrifugation of samples of fresh amniotic fluid (Fig. 3) .
The peak of total alkaline phosphatase and phenylalanine sensitive alkaline phosphatase activity was present in higher sorbitol density (fraction 5) than that of y-glutamyl transpeptidase and homoarginine sensitive alkaline phosphatase (fraction 7). Leucine aminopeptidase showed a bimodial distribution with a wide high density peak (fractions 4-7) and a significant low density peak (fractions [16] [17] . On density gradient centrifugation of samples of dialysed amniotic fluid, with endogenic sugars removed, the peak of disaccharidase activity coeluted with the alkaline phosphatase peak.
PROPERTIES OF THE PARTICULATE FRACTION IN AMNIOTIC FLUID
When the supernatant from centrifugation at 10 000 g was subjected to ultracentrifugation at 100 000 g a pellet was obtained (amniotic fluid PF), which was rich in microvillar enzymes. The specific enzyme activities in particulate fraction were 10 to 86-fold higher than in the original amniotic fluid (Table 1) . Particulate fraction in amniotic fluid was mainly composed of unorganised membrane fragments and vesicles, as studied by light and electron Particulate material from several fetal tissues and meconium were prepared and the specific enzyme activities in these preparations and particulate fraction in amniotic fluid were compared. As shown in Table 2 , the patterns of activity in meconium and the small bowel most closely resembled the pattern observed in the particulate fraction in amniotic fluid. The best marker in this respect was sucrase, the activity of which in other samples was less than 1% of that found in particulate fraction in amniotic fluid. The patterns of protein in amniotic fluid and particulate fraction in meconium were also similar on sodium dodecyl sulphate-gel electrophoresis ( microscopy (Fig. 4) . Particulate fraction from 1 ml of amniotic fluid contained 15-21 ,g of protein accounting for 0-2-0-4% of the total protein in cell free amniotic fluid. Over 20 polypeptide bands were easily seen on sodium dodecyl sulphate-gel electrophoresis of the particulate fraction in amniotic fluid (Fig. 5) . This pattern was constant in five different preparations of particulate fraction in amniotic fluid.
ORIGIN OF THE PARTICULATE FRACTION IN AMNIOTIC FLUID: IMMULOGICAL STUDIES
Antiserum raised against amniotic fluid particulate fraction was polyvalent as shown by its capacity to precipitate several polypeptide bands from radiolabelled particulate fraction in amniotic fluid (Fig. 5) . The antiserum reacted in immunodiffusion with homogenates of meconium and small bowel and, to a lesser extent, with that of kidney but not with other tissues or body fluids, such as normal human serum, fetal serum, or newborn urine (Table  3) . Antisera against particulate fraction from amniotic fluid and antisera against particulate fraction from meconium antisera showed similar strong reactivity with the particulate fraction in amniotic fluid in enzyme immunoassay (Fig. 6) . The binding of antisera against particulate fraction from amniotic fluid could, effectively be inhibited by extracts of meconium and small bowel (Fig. 7 ). An inhibition of 50% was obtained with particulate fractions from early amniotic fluid and meconium with 0-3 ,ug and 0-8 ,ug of protein, respectively (Table 3) . Extract of kidney also showed inhibition in enzyme immunoassay but other tissues were inhibitory in only very Table 2 Comparison ofthe specific enzyme activites ofparticulate fraction ofamnioticfluid and particulate fractions from differentfetal tissues and cultured amniotic fluid cells.
Amniotc high protein concentrations (Fig. 7) . Positive immunoperoxidase staining with antisera against particulate fraction from amniotic fluid was obtained with several fetal tissues, as summarised in Table 3 
Discusson
Measurement of the microvillar enzyme concentrations in the amniotic fluid at second trimester have recently been found to serve as promising tests for the prenatal diagnosis of cystic fibrosis. '-10 In this study we investigated the physiochemical basis of these measurements and found that the microvillar enzymes were present in the amniotic fluid, not as soluble proteins, but as components of high molecular weight particular material. This particulate fraction rich in enzymes represented less than 1 % of the total amniotic fluid protein and was precipitated by centrifugation at 100 000g. Density-gradientcentrifugation-showed heterogeneity in this material tract. Salafsky and Nadler performed differential centrifugation on amniotic fluid at second trimester and studied the resulting pellets by electron microscopy.2' They found that the 600g pellet contained mitochondria, the 4,200 g pellet contained lysosomes, and the 30000 g and 60 000 g pellets contained small vesicles and elements of endoplasmic reticulum. They also found that over 85% of the recovered alkaline phosphatase and a-1,4-glycosidase activities were localised in the pellets. From these findings they concluded that the amniotic fluid at second trimester contained various intracellular organelles in addition to intact amniotic fluid cells. We performed electron microscopy on the fraction that was soluble at 10 000 g but precipitated out at 100 000, and found that this material comprised unorganised membrane fragments and vesicles. This confirms the findings of Salafsky and Nadler.2' This material, however, was extremely rich in microvillar enzymes, suggesting that it represents fragments of epithelial cell plasma membranes Clearly, direct comparison of the enzymatic activities in amniotic fluid and whole tissue homogenates, or in simple centrifugation fractions of these specimens, is not accurate. The distribution of the enzymes, for instance, greatly affects the results. Logarithmic differences in the specific activities between the tissue preparations, however, as found here for sucrases, trehalase, and leucine aminopeptidase activities strongly favours the view that the gastrointestinal tract is the source of particulate fraction.
The fetal intestinal origin of particulate fraction in amniotic fluid was also supported by immunological studies. Polyvalent antiserum against this material reacted strongly with extract of meconium and fetal small bowel in immunodiffusion and enzyme immunoassay. Antiserum against early meconium, on the other hand, reacted with particulate fraction in amniotic fluid and precipitated the same polypeptides as the antisera against particulate fraction from amniotic fluid serum. Antisera against particulate fraction from amniotic fluid stained with immunoperoxidase reacted with several fetal tissues in addition to the intestinenal epithelium. This, however, is not surprising as the epithelial membranes, such as those found in the intestine, kidney, and placenta, are known to share many antigens.4
